A fluorescence ratiometric probe 1 for cysteine (Cys) and homocysteine (Hcy) has been rationally constructed based on intramolecular charge transfer (ICT) mechanism. Upon treatment with Cys/Hcy, probe 1 exhibited a fluorescence ratiometric response, with the emission wavelength displaying a large shift (from 526 nm to 446 nm). When 90 μM Cys were added, the emission ratios (I 446 /I 526 ) of the probe changed dramatically from 0.01797 to 4.65472. The detection limit was also measured to be 0.18 μM (S/N = 3). The theoretical calculations have confirmed that the ratiometric response of probe 1 to Cys/Hcy is due to the inhibition of ICT process upon the reaction of probe 1 with Cys/Hcy. Furthermore, the fluorescence imaging experiments in living cell demonstrated that probe 1 was favourable for intracellular Cys/Hcy imaging.
Introduction
The thiol containing amino acids, such as cysteine (Cys) and homocysteine (Hcy), play crucial roles in numerous biological processes in living organism [1] . For example, deficiency of Cys is associated with many human diseases, such as slow growth, hair depigmentation, edema, lethargy, liver damage, loss of muscle and fat, skin lesions, and weakness [2] . Hcy is a risk factor for disorders including cardiovascular diseases and Alzheimer's disease [3] . Monitoring the concentration of biological Cys/ Hcy in living system may help in early diagnosis and prevention of such diseases. Thus, it is of great importance, both in academic research and in clinical applications, to develop efficient methods for determination of Cys/Hcy.
Among various methods for detection of Cys/Hcy, the fluorescence method based on fluorescence probe is advantageous due to its desirable features such as high sensitivity, simplicity, and potential for in vivo imaging [4] . Accordingly, in the past decade, significant efforts have been devoted to construction of fluorescent probes for Cys/Hcy [5] . Nevertheless, most of these probes respond to Cys/Hcy with changes only in fluorescence intensity. In a complex environment, the fluorescence signals of the intensity based probes are frequently influenced by some factors including environmental conditions, probe distribution, and instrumental efficiency [6] . By contrast, these factors can be potentially avoided by employing fluorescence ratiometric probes, as they allow the measurement of fluorescence intensities at two wavelengths [7] . However, up to now, only a few fluorescence ratiometric probes for specific detection of Cys/Hcy have been constructed [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Bearing these considerations in mind, we herein reported a fluorescence ratiometric probe, compound 1, for Cys/Hcy. Probe 1 is composed of a 4,5-di((E)-styryl) -1H-imidazole dye and an aldehyde group (Scheme 1). The selection of 4,5-di((E)-styryl)-1H-imidazole is based on the consideration that it can function both as fluorescence dye and electron donor in an intramolecular charge transfer (ICT) system. The aldehyde group is a specific recognition group for Cys/Hcy. It can react with Cys and Hcy to form thiazolidine and thiazinane, respectively [17, 18] . Moreover, the aldehyde is an electron with draw- ing group, which could be used as the electron acceptor in the ICT system. Thus, upon excitation, the ICT process in probe 1 will proceed from the 4,5-di((E)-styryl)-1H-imidazole dye to the aldehyde group. However, after reaction with Cys or Hcy, the aldehyde group in probe 1 is transformed to be the thiazolidine or thiazinane group. Thereby the ICT process will be inhibited, which results in a blue shift emission. Consequently, upon treatment with Cys/Hcy, probe 1 will show a substantial ratiometric response.
Experimental Section

Reagents and Apparatus
Unless otherwise stated, all reagents were purchased from commercial suppliers and used without further purification. Solvents were purified by standard methods prior to use. Twice-distilled water was used throughout all experiments.
Mass spectra were recorded on a LXQ Spectrometer (Thermo Scientific) operating on ESI. 1 H NMR spectra were recorded on a Bruker Avance 400 spectrometer operating at 400 MHz. Elemental (C, H, N) analysis were carried out using Flash EA 1112 analyzer. Electronic absorption spectra were obtained on a SHIMADZU UV-2450 spectrometer. Fluorescence spectra were measured on a Photon Technology International (PTI) Quantamaster fluorometer with 3 nm excitation and emission slit widths. Cells imaging were performed with an inverted fluorescence microscope (Carl Zeiss, Axio Observer A1). All pH measurements were performed with a pH-3c digital pH-meter (Shanghai ShengCi Device Works, Shanghai, China) with a combined glass-calomel electrode.
Synthesis of Compound 2
The synthetic procedures were showed in Scheme 1.
Under the N 2 atmosphere, a solution of 2,3-butanedione (0.4 ml, 4.5 mmol), benzaldehyde (0.92 ml, 9 mmol) and piperidine (2 drops) in methanol (10 ml) was heated under reflux for 24 h. The solution color became brown. After cooling to room temperature, the mixture was kept in refrigerator overnight. And then, the orange precipitate was collected by filtration to afford the compound 2 (247.8 mg, yield 21%). mp: 159˚C -161˚C; 1 
Synthesis of Probe 1
A solution of compound 2 (350 mg, 1.33 mmol), 1,4-phthalaldehyde (536 mg, 4 mmol) and ammonium acetate (2 g, 25.9 mmol) in acetic acid (10 mL) was heated at 100˚C for 50 min. The hot solution was cooled to room temperature, and the resulting precipitate was collected by filtration and washed with acetate acid, dilute sodium hydrogen carbonate solution, and water. After dried under reduced vacuum, the precipitate was further purified by column chromatography on silica gel (eluent: ethyl acetate:petroleum ether = 1:10, v/v) to afford the probe 1 as orange solid (290 mg, 58%). mp: 249˚C -251˚C; 
Results and Discussions
Optical Response to Cys/Hcy
The fluorescence ratiometric responses of probe 1 to Cys/Hcy were exemplified by its reaction with Cys in 20 mM potassium phosphate buffer/DMF (v/v 1:3, pH 7.4) at room temperature. As shown in Figure 1(a) , when increasing concentrations of Cys were introduced, the fluorescence emission spectra of probe 1 exhibited shift from 526 to 446 nm with a pronounced blue shift of 80 nm. The large blue shift signals were apparently owing to that the ICT process in probe 1 was inhibited by reaction with Cys. The blue shift of fluorescence emission spectra also elicited an obvious variation in emission color. With the addition of Cys, the fluorescence color of probe 1 changed from green to blue (Figure 1(a), inset) . A welldefined isoemission point was found at 495 nm, indicating the reaction of probe 1 with Cys is a clear process. In addition, the emission ratio (I 446 /I 526 ) of probe 1 response to Cys displayed a large increase from 0.01797 to 4.65472 (259-fold enhancement) after 90 μM of Cys being added. The emission ratios (I 446 /I 526 ) also showed a good linearity with Cys concentration in the range of 0 -35 μM (Figure 1(b) ), indicating the probe can be potentially used to quantitatively detection of Cys. The detection limit for Cys was estimated to be 0.18 μM (S/N = 3) according to a reported method [19] . The low detection limit together with the large emission ratio enhancement demonstrates that probe 1 is highly sensitive to Cys.
Consistent with the changes in emission spectra, addition of Cys also induced the blue shift in absorption spectra (Figure 2) . When 90 μM of Cys was added, the maximum absorption peak of probe 1 exhibited a blue shift from 373 to 361 nm, with the solution color varied from yellow to colorless (Figure 2, inset) . The blue shift of absorption spectra confirmed that the ICT effect of the probe 1 was inhibited along with the addition of Cys.
Selectivity Studies
For an excellent fluorescent probe, high selectivity is a matter of necessity. The fluorescence ratiometric response of probe 1 to various amino acids (Phe, Ala, Gly, Glu, Arg, Lys, Tys, Leu, Ser and Val) and glutathione (GSH) was also investigated. As shown in Figure 3(a) , compared with that of probe 1 with Cys and Hcy, no obvious changes in emission ratios (I 446 /I 526 ) were observed upon addition of other amino acids and GSH, denoting that the formation of thiazolidine 1-Cys and thiazinane 1-Hcy was a key for the selective recognition of Cys and Hcy. Furthermore, we examined the response of probe 1 to Cys in the presence of other species, and most of the other species only displayed minimum interference (Figure 3(b) ). These facts indicated a high selectivity of probe 1 in sensing Cys and Hcy.
Theoretical Calculation.
To better understand the optical responses of probe 1 to Cys, we carried out density functional theory (DFT) cal-L. L. LONG ET AL. 238 culations at the B3LYP/6-31G* level using Gaussian 09 program. As shown in Figure 4 , for probe 1, the HOMO is distributed primarily on 4,5-di((E)-styryl)-1H-imidazole moiety, whereas the LUMO is delocalized over the phenyl and aldehyde moieties. Thus, it is clear that, upon excitation, the ICT will take place from 4,5-di((E)-styryl) -1H-imidazole moiety to the aldehyde moiety. However, for the 1-Cys, both the HOMO and LUMO are confined to the 4,5-di((E)-styryl)-1H-imidazole moiety and the phenyl moiety. Therefore, upon excitation, the ICT process will be inhibited. Moreover, the energy gap between the HOMO and LUMO of probe 1 was smaller than that of 1-Cys, in good agreement with the blue shift of absorption and emission spectra of probe 1 upon reaction with Cys.
Fluorescence Imaging in Living Cells
To study the application of probe 1 for fluorescence imaging in living cells, probe 1 (1 μM) was stained with pancreatic cancer cells for 30 min at 37˚C. After washed with PBS medium, the cells were used for fluorescence imaging. As shown in Figure 5 , the cells exhibited strong fluorescence in the blue channel (Figure 5(b) ), and nearly no fluorescence in the green channel (Figure 5(c) ). These indicated that the probe was cell membrane permeable, and make fast detection of the intracellular Cys/ Hcy. On the other hand, the cells were pre-treated with N-ethylmaleimide (NEM, as a thiol-reactive reagent [20] ) to consume the intracellular Cys/Hcy, and then the cells were further incubated with probe 1. It was found that strong fluorescence was observed in the green channel ( Figure 5(g) ), but almost no fluorescence in the blue channel ( Figure 5(f) ). These results established that the probe 1 is capable of imaging Cys/Hcy in living cells.
Conclusion
A fluorescence ratiometric probe, compound 1, for Cys/ Hcy has been rationally constructed with 4,5-di((E)-styryl)-1H-imidazole as fluorophore and aldehyde as recognition group. The probe shows high sensitivity and selectivity toward Cys/Hcy. Notably, with the addition of Cys, the fluorescence emission wavelength of the probe exhibited a large shift (from 526 to 446 nm), resulting in a significant change of the emission ratios (from 0.01797 to 4.65472). The theoretical calculation has confirmed that the ratiometric response of the probe to Cys/Hcy is due to the inhibition of the ICT process from 4,5-di((E)-styryl)-1H-imidazole to aldehyde by the reaction of probe 1 with Cys/Hcy. Importantly, the probe has been successfully applied to imaging Cys/Hcy in living cells.
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